Abstract: In this paper, we develop the new Keynesian Phillips curve augmented by the cost channel of monetary transmission and analyze the central bank's best monetary policy if the central bank is obliged to minimize inflation. It can be shown that a small change of the cost channel's coefficient might lead from a major increase in interest rates to a major decrease in interest rates and vice versa. Even though the optimal interest rate might change dramatically, the inflation response is of only marginal effect.
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Centrum für angewandte Wirtschaftsforschung e-mail: westermeier@insiwo. de Economists always try to analyze price reactions due to changes in monetary policy. In many cases the transaction mechanism takes place within the so-called Black Box. The change in monetary policy (the input) is known as well as the price reaction (the output). But the mechanism itself remains unknown. One mechanism may be the so-called cost channel of monetary transmission. The cost-channel is located on the supply-side of the economy. The basic idea beyond is that an increase of interest rates makes credits dearer and therefore the cost of production increases as well. This increase in cost of production is passed on to the consumer via an increase in prices.
The model starts with the standard new Keynesian Phillips curve 1 , in which inflation is explained by the expected inflation rate and marginal costs. In accordance with Galí and Gertler (1999) as well as with Galí, Gertler and López-Salido (2001) the past inflation rate is -beside the expected (future) inflation rate -taken into account as an additional explanatory variable of inflation. Within this framework the model is augmented by introducing the interest rate as an additional cost factor in order to obtain 1 See C. E. Walsh (2003) . the augmented new Keynesian Phillips curve with the cost channel.
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In the following, we will develop the standard model and analyze the central bank's best monetary policy if the central bank is obliged to minimize inflation. It can be shown that a small change of the cost channel's coefficient might lead from a major increase in interest rate to a major decrease in interest rate and vice versa. Even though the optimal interest rate might change dramatically, the inflation response is only marginally affected.
The Model
This section introduces a model containing the interest rate as an inflation determining element. We start with a 2 See for example Christiano, Eichenbaum and Evans (1997) and Chowdhury, Hoffmann and Schabert (2006 
Households
The utility function U t of the households is given by the following equation:
( 1) Utility is determined by the composite consumption good C t , real money balances M t /P t and leisure 1-N t
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. σ is the elasticity of consumption, b is the elasticity of money and η is the elasticity of work. β is the discount rate. The consumption good C t is produced by a continuum of firms, where firm j produces good j. The consumption good C t can be formalized as: (2) θ represents the price elasticity of demand for the individual goods. Suppose the prices for the final goods are given by p jt , the households demand for good j and the aggregate price index P t are given by:
In the beginning of period t households start with the cash holding M t. They also receive the wage income W t N t as cash payment at the beginning of each period. Households can spend their money on consumption P t C t or deposits D t yielding an interest of R t . In addition, the households receive their deposits at period t-1, R t-1 D t-1 . The household's budget constraint is therefore given by:
(5) Households maximize their utility function 1) under the budget constraint 5). In equilibrium with a positive nominal interest rate, the following (Euler) equations must hold. (8) Equations 6) represent the optimal intertemporal allocation of consumption. In equation 7) the marginal rate of substitution between leisure and consumption equals the real wage and in equation 8) the marginal rate of substitution between money and consumption equals the costs of holding money.
Firms
In the following, we focus on the firms. We assume a production function with constant economies of scale:
(9) N jt is the time devoted to work, Z t as an aggregated production error term, capital is -as already mentioned above -neglected. The demand curve is given by . 9 We also adopt staggered price setting.
10 Only the fraction 1-ω may change their prices in the period, while the fraction ω leaves the prices unchanged. The firms minimize the costs of production under the restraint of the production function. In real terms, this problem can be written as:
.
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The Cost Channel of Monetary Policy Transmission (10) which leads to the following first order condition ( 1 1 ) Firms chose p jt to maximize their profits. The profit function is given by:
( 1 2 ) The coefficient ω i is the degree of price stickiness, represents the revenues and mc t+i c j,t+1 the production costs. Δ i,t+1 is a discount factor and can be written as with β i as a subjective discount factor and as the marginal rate of substitution of intertemporal consumption. Using the demand curve, , leads to the following equation:
(13) Following Walsh (2003) the above equation can be rewritten to obtain an expression for the aggregate inflation:
( 1 4 ) with . The equation above is the new Keynesian Phillips curve, which includes the expected inflation rate in addition to the marginal costs. The coefficient shows how the discount factor β i and the price stickiness factor ω influence the inflation rate π. In accordance with Galí und Gertler (1999) as well as with Galí, Gertler and López-Salido (2001) the new Keynesian Phillips curve is augmented by a backward looking element and has the following form:
(15) The assumption beyond this augmentation is that the fraction λ of firms which might change their prices in the period simply adopt their prices by following the simple rule: p jt =π t-1 p * t-1. Firms therefore adjust their prices according to the inflation rate of the last period. Equation 15) can be simplified to: (16) 3. The Cost Channel Hicks (1979) was among the first to argue that the short-term interest rate might be considered a factor of costs of production. This argument was later considered by Barth and Ramey (2001) , who argue that changes in the interest rate change the credit condition.
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Christiano, Eichenbaum and Evans (2005) assume that firms have to finance their production with credits. The costs of production equal the factor prices multiplied with the nominal interest rate. Since labour is the only factor of production, firms have to take out a loan of W t N t to pre-finance the production. The nominal interest rate is given by R t . Labour costs are therefore given by R t ν W t . The parameter ν measures the strength of the cost channel. If ν=0 the cost channel is absent, if ν=1 the wage bill is completely financed via credits.
12 In accordance to , the real marginal costs can be written as:
By making use of a log-linear approximation, , the new Keynesian Phillips curve can be rewritten as: (18) As we can easily see in equation 18), a rise of interest rates also increases the inflation. This is contrarily to the demand side where an increase in interest rates should decrease inflation. The current empirical studies show 13 that the inflationary process of increasing interest rates is only alleviated and not overcompensated. 
Monetary Policy
What is the effect of the cost channel on the monetary policy of a central bank? In the following we assume that the central bank has the objective to assure monetary stability. The primary objective of our central bank is therefore an inflation rate of almost zero.
14 In the following we show the influence of the cost channel on inflation targeting in the presence of a productivity shock of u=1. To analyze the reaction of inflation, I approximate equation 6) 15 around a steady-state inflation of zero and obtain:
(19) If we neglect investment and public spending, consumption C t equals production Y t . Consequently, the variation of production from the trend equals the variation of consumption from the trend, Equation 19) can be rewritten as: (20) For the analysis of the optimal monetary policy, we assume that marginal costs may be represented by the output gap . If we make use of equation 18), we can write: We assume γ 1 =0,05 and vary the cost channel coefficient χ 2 between 0,015 and 0,085. If the cost channel coefficient is 0,015, an interest rate change of about 1,43 % is required to assure an inflation rate of zero. With an increasing cost channel coefficient, the optimal interest rate change also increases and is almost infinity if the cost channel approaches 0,05. But as soon as the cost channel coefficient is greater than γ 1 the optimal interest rate change turns out to be negative. Starting with an negative interest rate of almost infinity, the optimal interest rate change increases with an increasing cost channel coefficient and is about -1,43 % if the cost channel coefficient is 0,085. Because of as misspecification of the cost channel coefficient, the inflation is only influenced slightly. Suppose that the cost channel coefficient is 0,049 and γ 1 is 0,05. The optimal interest rate change would be 50 %. But if we assume a cost channel coefficient of 0,051, the central bank would set an interest rate change of -50 %. Due to the inflation in the first case is decreased by 0.05 percentage points, while in the second case the inflation is increased by 0.05 percentage points and therefore only marginally affected.
The central bank therefore should rather set a lower interest rate than the optimal interest rate. As long as the estimated cost channel coefficient is close to the real cost channel coefficient, the optimal interest rate would evokes a rather small inflation, but with an increasing difference between the estimated cost channel coefficient and the real cost channel coefficient the interest rate increases. A lower interest rate smoothes this effect. We assume the real and
The optimal interest rate would therefore be 0,8 %. In the following figure, we show how the inflation 
Results
We used t the optimal m is an inflation zero inflation and χ 2 is rathe soon as χ 2 
